In this work, aluminum and aluminum-alumina powder mixtures were used to produce pyramidal fin arrays on aluminum substrates using cold spray as an additive manufacturing process. Using aluminumalumina mixtures instead of pure aluminum powder could be seen as a cost-effective measure, preventing nozzle clogging or the need to use expensive polymer nozzles that wear out rapidly during cold spray. The fin geometries that were produced were observed using a 3D digital microscope to determine the flow passages width and fins' geometric details. Heat transfer and pressure drop tests were carried out using different ranges of appropriate Reynolds numbers for the sought commercial application to compare each fin array and determine the effect of alumina content. It was found that the presence of alumina reduces the finsÕ performance when compared to pure aluminum fins but that they were still outperforming traditional fins. Numerical simulations were performed to model the fin arrays and were used to predict the pressure loss in the fin array and compare these results with experimental values. The numerical model opens up new avenues in predicting different applicable operating conditions and other possible fin shapes using the same fin composition, instead of performing costly and time-consuming experiments.
Introduction
Compact Heat Exchangers (CHE) make up approximately 10% of the total heat exchanger market, and have experienced a yearly growth in sales of 10% compared with 1% growth for other types as a result of the high industrial demand for this category of heat exchangers ( Ref 1) . CHE have increased heat transfer surface area to volume ratios when compared to more traditional heat exchangers. This is achieved using fins on the mediator wall (or walls) that separates the two flow streams exchanging heat (Ref 2) . CHE are ubiquitous in electronics and aerospace applications, where size and weight are important factors. Enormous effort has gone into enhancing the performance of heat exchangers to increase their efficiency. Many factors must be taken into account when trying to optimize a heat exchanger for a specific application including component geometries, heat transfer mechanisms, and flow arrangements (Ref 3) .
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Various models of CHE have been developed based on the required applications. The Plate Fin Heat Exchanger (PFHE) is a common configuration used in industry which utilizes a secondary surface of fin arrays to divide fluid streams which results in an improvement of heat transfer due to the extended heat transfer area. Brazed aluminum PFHEs were originally developed for the aircraft industry in the 1940s (Ref 4) . In these PFHEs, configurations with high fin density and hydraulic diameters in range of 1-2 mm are found (Ref 4) . These configurations are capable of accommodating multi-stream designs that increase the overall efficiency of these CHE (Ref 4) . Figure 1 illustrates several common aluminum-brazed PFHE designs.
Metal Foam Heat Exchanger (MFHE) is another type of CHE characterized by metallic foam through which fluid flows. The porous media in these heat exchangers produce a high pressure drop. Although the pressure drop can be varied by changing the level of porosity and pore diameter, it is still higher than other CHEs. High bending stiffness, strength, thermal conductivity, and low weight result in high thermal performance and acceptable mechanical properties for the MFHE (Ref [5] [6] [7] [8] . A number of studies have been conducted in order to improve the efficiency and production process of the MFHEs. Taheri et al. (Ref 9 ) proposed a theoretical model for the determination of the effective thermal conductivity of high porosity metal foams used in MFHE. The generally proposed model can be applied to any complex interconnected foam geometries. Azarmi et al. (Ref 10) introduced a novel production technique for manufacturing the foam core sandwiches in MFHE using an air plasma spray technique. It was shown that air plasma spraying can be a useful method for fabricating foam core sandwiches used in MFHE, since there is no need for a protective environment or vacuum condition. Furthermore, the resulting coating can be formed on curved substrates if both foam and substrate are made from ductile materials (Ref 10) . In another study, four point bending tests were performed on the metallic foam core sandwich structures in order to examine the effects of porosity variation and heat treatment on the mechanical properties of the metallic sandwiches (Ref 11) . Results showed that an increase in porosity of the foam will lead to a decrease in the flexural rigidity of the sandwich cores (Ref 11) .
Wire mesh heat exchangers (WMHE) are open cell heat exchangers with low weight and density, which operate similarly to the MFHE. Early manufacturing of WMHE was based on folding metallic wire meshes that were connected to parting plates (Ref 12, 13) . The plates were made into flow phase separators by brazing them to the tip of the folded mesh. This process had issues, such as the small contact area between the metallic mesh and brazed plate, limitations of the number of times that the wire mesh could be folded, high energy consumption during brazing, and large costs to produce a heat exchanger (Ref 14) .
A novel solution for the aforementioned problems has been developed with the assistance of Cold Gas Dynamic Spray (CGDS or simply cold spray) (Ref 14 utilizes metallic woven wire mesh sheets which are cut and stacked on each other like matrices and instead of brazing the tips of the wires to the parting plates, thermal spray processes, such as cold spray, are used to seal them (Ref 14) . Figure 2 (a) shows the traditional configuration of WMHE with wire mesh brazed to opposing thin plates at the top and the bottom of the system. In comparison, Fig. 2(b) represents the new configuration of WMHE using thermal spray techniques for sealing the top and bottom of the stacked wire mesh and cold spray to produce external fins. Cold spray is a solid-state material consolidation technique in which feedstock particles are accelerated to a high velocity (500-1200 m/s) by a supersonic inert gas jet flow and projected onto a substrate to form a dense coating (Ref [15] [16] [17] . The formation of the coating is attributed to plastic deformation of particles during the impact process onto the substrate (Ref 18) . A significant amount of work has been performed on WMHE as well as on the cold spray process (Ref 3, (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . The thermal performance enhancement of heat exchanger surfaces by additive manufacturing of fins using the cold spray technique [as illustrated in Fig. 2(b) ] is an innovative idea for which very little investigation work has been done. One of the benefits of using cold spray for additive manufacturing of fins compared with other thermal spraying techniques is that it avoids issues, such as clogging of the mask, and allows building up large structures quickly without thermally affecting the substrate. In the cold spray technique, the feedstock particles or mask never reach their melting points due to low operating temperatures (Ref 31).
Cormier et al. (Ref 32) investigated the process feasibility and manufacturability of aluminum and stainless steel pyramidal pin fin arrays using the cold spray method. The fins were manufactured using steel wire mesh masks. Different fin densities from 12 up to 30 fins per inch were examined. Moreover, different fin heights ranging from 1.0 mm up to 2.2 mm were manufactured and tested. The resulting pyramidal fin arrays were compared with rectangular fins (straight cut fins) manufactured through more traditional manufacturing processes. The results showed that the pyramidal fins performed better. Dupuis et al. (Ref 31) investigated the performance of cold spray pyramidal and trapezoidal fins as well as rectangular fins machined using traditional processes. The new type of fins also showed a better performance compared to traditional plain rectangular fins. The effect of base angle variation at constant height in pyramidal pin fin arrays produced with cold spray was also studied. It was observed that increasing the base angle of the fins caused a reduction in convective heat transfer, while the total available heat transfer area was increased as the base angle was increased. The effect of the two mentioned conflicting parameters showed a small net difference in the thermal conductance of the tested samples.
Commercially pure aluminum powder is commonly used in cold spray and has many applications, such as the production of corrosion resistant surfaces (Ref 33) . Many studies have been conducted on aluminum-coating production by cold spray . In particular, it has been shown that . Furthermore, the bonding strength between aluminum-alumina coating and substrate was increased by 50% compared to cases using only pure aluminum (Ref 41) . In addition, aluminum-alumina powder can be sprayed using low pressure cold spray systems and alleviate the risks of nozzle clogging (Ref 42) . The use of aluminum-alumina feedstock powder would be beneficial in terms of coating density and mechanical properties. It would also minimize potential nozzle and mask clogging or eliminate the requirement of using more expensive nozzles designed to minimize clogging but that wear out rapidly, thus allowing easier industrialization of the process. As such, this paper aims at evaluating the potential of producing and using aluminum-alumina pin fins versus pure aluminum pin fins, both produced by cold spray. Two pyramidal pin fin arrays with different alumina percentages are produced by additive manufacturing using the cold spray process, as well as pure aluminum pin fin array as a comparison. Thermal performance and pressure drop of aluminum-alumina samples were tested and compared with the equivalent pure aluminum fins. In addition, a three-dimensional numerical model was developed to allow the prediction of the pressure drop of these types of pin fin arrays for further use as a design tool.
Experimental Study
Cold Spray Manufacturing of Pyramidal Fins
In this study, a commercially available low pressure cold spray system [Centerline (Windsor) Ltd. (Windsor, ON, Canada)] was used. Pyramidal pin fins were deposited on aluminum substrates (Al 6061-T6) with pure aluminum and a blend of aluminum-alumina feedstock powders under commercial names SST-A5001 and SST-A0050 [Centerline (Windsor) Ltd. (Windsor, ON, Canada)], respectively. A steel nozzle was used for producing samples that contain alumina particles but a polymer nozzle (Polybenzimidazole), with the same internal geometry, was used for producing pure aluminum samples to avoid clogging issues. For pure aluminum sample, the nozzle inlet gas temperature and pressure were 350.0°C and 1.7 MPa, respectively, and the nozzle traverse speed was set at 30.0 mm/s. For aluminum-alumina samples, the applied gas temperature and pressure were 300.0°C and 2.0 MPa, respectively, with traverse speed of 50.0 mm/s. All of the samples were sprayed using nitrogen as the propellant gas and the nozzle / wire mesh mask distance was kept at 15.0 mm. Figure 3 shows a schematic of the spray rig configuration. In order to manufacture pyramidal pin fins, a steel woven wire mesh mask (McMaster-Carr, Aurora, OH, USA) was placed between the spray nozzle and the substrate as a patterned selective obstacle. The configuration of the fins results directly from the square grid pattern of the wire mesh screen. Using the mask makes fins built up to align with the center of the mask holes with the pyramid pin finÕs peak aligning with the holes of screened area. There is little to no deposition occurring on the substrate underneath the mask wires as the spray process is a lineof-sight process. In order to prevent vibrations induced by the spraying gas that could reduce the consistency of the manufacturing process, the mask was fixed tightly at the nominal distance with respect to substrate using a sample holder fixture. More details on the production of pyramidal pin fins using masking technique can be found elsewhere ( Ref 31, 32) . Fins can also be produced by machining straight continuous rectangular fins out of the bulk material or thick dense coating deposited by thermal or kinetic spray processes. In this study, the reported results associated with the rectangular fins sample are obtained from a machined bulk aluminum sample. In order to be able to compare the samples, rectangular fins were produced as the same fin density and hydraulic diameter as of pyramidal pin fins with fin height of 1.0 mm.
Sample Preparation and Analysis
Pure aluminum and alumina powders were mechanically mixed to produce feedstock powders with alumina volume percentage of 22 and 40%. Fin arrays were sprayed to an average height of 1.3 mm and ground down to the target height of 1.0 mm using a conventional sanding belt with 320 grit sandpaper. The height and spacing of the fins on the produced samples were measured using a digital 3D microscope (Keyence model VHX-2000, Mississauga, ON, Canada). These geometrical data were directly used when required in the calculations of heat transfer and pressure drop. The mean geometrical values measured using the 3D microscope for all of the manufactured samples are listed in Table 1 . These geometrical parameters are illustrated in Fig. 4(a) ; B represents the pyramid base width, S represents the distance between the base edges of neighboring fins (only half of this distance is shown in the Fig. 4 (a) due to symmetric configuration of the fins) and Hrepresents the finÕs height. Figure 4(b) shows an actual 3D shape of a pyramidal fin. It is clear that modeled and real pyramidal fin geometries made by cold spray will not have the exact same dimensions and geometries due to the physics of cold spray and the random adhesion of particles during the spraying process. Therefore, for calculations and simulations all of the fins have been considered as ideal pyramidal fins with the averaged geometric dimensions based on the actual fin measurements taken with the 3D microscope.
After completion of the heat transfer and pressure drop tests, standard metallographic procedures were performed on the samples to produce cross sections of the fins for microstructural examination using an optical microscope. The proportion of alumina and aluminum contents was measured by differentiating colors of alumina and pure aluminum particles in the cross section of the fins using Clemex Vision Lite (Clemex Technologies Inc., Longueuil, QC, Canada) image analysis software. It is assumed that a sample size of six fins is statically significant and adequately represents the alumina content throughout the entire fin array sample for the optical microscope microstructural examination process. Figure 5 shows a schematic of the heat transfer experimental fixture. Flows matching different Reynolds numbers corresponding to typical industrial usage of these CHE were used. Volume flow rates were measured using a flow meter installed upstream of the fixture. Thermocouples were installed at the front and back of the sample in the heat transfer fixture to measure fin arrayÕs base temperature for both first and last array of fins perpendicular to the flow direction. For more result accuracy, two thermocouples were used on each side of the sample, one on the centerline of the sample, while the other one was located near the lateral side of the sample as shown in Fig. 5 . The inlet and outlet flow temperatures were measured using thermocouples immediately before and after the sample in the flow channel (not shown in Fig. 5 ).
Heat Transfer Tests
Measurements took place once a steady-state regime was reached, with a total of five measurements taken at each flow rate to ensure the accuracy of the results. The error bars for figures in results section are not shown as the deviation of measurements from the mean value was <5% and the error bars were smaller than markers in each figure. Reynolds numbers ranging from approximately 400 to 2800 were tested. Through the entire heat transfer process, a constant heating rate was applied from the thermal source at the bottom of the sample as illustrated in Fig. 5 . Detailed information on accuracy and fixture performance is given in Cormier et al. (Ref 32) .
To compare flow conditions associated with different flow rates, Reynolds number was used. The Reynolds number based on hydraulic diameter is calculated using Eq 1.
where q air is the density of air, Vis the velocity of the air, d h is the hydraulic diameter, l is the dynamic viscosity of the fluid, W is the sample width, FD is the fin density and A flow is the channel cross-sectional area that air flows through. Also, d h could be calculated by considering the pyramid geometry in Fig. 4 (a) as shown in Eq 3.
P flow is considered as the pyramidÕs wetted perimeter by the passing air. The parameters S; H;and h are shown in Fig. 5 Schematic of the heat transfer fixture Fig. 4(a) .The heat transfer rate q that the passing flow will receive from the surface of the sample, including the pyramidÕs surfaces and the area between pyramids, can be determined using Eq 4.
with _ m as mass flow rate, T out -T in as the overall temperature difference upstream and downstream of the sample, and C p as the specific heat capacity. To calculate the heat transfer value, T in and T out were measured by installed thermocouples downstream and upstream of the sample in the fixture, respectively. For the convective heat transfer coefficient we have the relation shown in Eq 5.
with A tot as the total heat transfer area, DT lm the log mean temperature difference, and g o as the overall surface efficiency as derived below in Eq 6 and 7, respectively.
ðEq 7Þ
In Eq 6, DT 1 and DT 2 are temperature gradient between fin surfaces and cooling air at entrance and exit, respectively. In Eq 7, g f characterizes the single fin efficiency as shown in Eq 8. H denotes the fin height, I 1 and I 2 represent first-and second-order Bessel functions, respectively, k m is thermal conductivity of the fins and B is the size of finÕs base which is indicated in Fig. 4(a) . By using the above relations [adopted from IncroperaÕs work (Ref 2)] , the performance of a fin array can be evaluated considering all important aspects of performance.
One of the important factors in evaluating performance of CHE is the overall heat transfer coefficient. The overall heat transfer coefficient, or thermal conductance, is associated with the total thermal resistance of the fins (R eq ). This parameter can be derived as shown in Eq 10.
In order to obtain UAper unit volume, the thermal conductance value from Eq 10 is simply divided by the total volume as shown in Eq 11.
Pressure Drop Tests
The pressure head loss through the fin arrays has been measured using the fixture presented in Fig. 5 . Five consecutive measurements were obtained for Reynolds numbers in the range of 400-2800 using two pressure taps as shown in Fig. 5 . The pumping power per unit volume from SahitiÕs work (Ref 43) can be written as shown in Eq 12.
with _ V f as the volumetric flow rate of the fluid, DP fin as the pressure difference created by each fin, V as the volume of the fin array, and g as the fan efficiency. In this study, g was assumed to be 0.8 which is taken from SahitiÕs (Ref 43) work as a standard value for this category of fans in industry.
Numerical Model
A computational fluid dynamics (CFD) model was developed using the commercially available software Fluent. Computational simulations allow a better understanding of the fluid flowÕs interaction with the fin arrays that otherwise requires the use of complex flow visualization techniques. The use of CFD tools is useful when trying to design improved fin geometries and compositions to increase efficiency. The mass, momentum, and energy equations were solved using a coupled implicit scheme. The flow was assumed to be in a steady-state regime and incompressible. All of the surrounding surfaces of the domain are taken as adiabatic to be consistent with the experimental set-up, except for the inlet, outlet as well as the substrateÕs base where the heating rate is applied (obtained from experimental results using Eq 4). At the domain inlet, the flow was assumed to be uniform and normal to the inlet cross section. The pressure at the outlet was considered as atmospheric pressure. The effect of gravity on the flow was neglected. The applied boundary conditions are listed in Table 2 .
In the simulation, each sample was subjected to three different flow rates (4:0 Â 10 À4 , 8:0 Â 10 À4 , 1:4 Â 10 À3 kg/ s) in order to evaluate the influence of flow regime on performance of the pin fins. The three values for flow rates that were used were selected based on the actual applied flow rates in experiments. Experiments involved more than just the three chosen flow rates for each sample but these additional cases were not simulated. For the laminar regime (flow rate of 4:0 Â 10 À4 kg/s) and turbulent regime (flow rates of 8:0 Â 10 À4 kg/s and1:4 Â 10 À3 kg/s), the laminar and k-x models were used, respectively. For the k-x model, a turbulent kinetic energy of 1 m 2 =s 2 and a turbulent dissipation rate of 1 m 2 =s 3 were picked as boundary conditions. The k-x model was used instead of the k-e model due to its better performance in severe pressure gradient, flow separation behind fins, and curved streams in recirculation zones (Ref 44) .
The For the solution domain, both the solid zone (pyramids and the base of the sample) and the fluid zone (flow) were modeled in three dimensions. The modeled fin dimensions are taken as the average values from 3D microscope measurements of the three sprayed samples for 25 random fins within each sample. The domain includes a single row of 25 pyramidal fins. Since the sample could be considered symmetric along the flow direction, only one half row has been modeled using a symmetry plane to reduce the computation time required. Figure 6 represents the arrangement of pyramids and the sampleÕs base in the computational domain. The red plane in Fig. 6 is the symmetry plane within the domain which continues until the bottom of the base. The domain was discretized using tetrahedral volume mesh using the commercially available software Gambit. The whole domain was meshed into 169914, 201695, and 463007 nodes in order to check grid independency of the solution. For all cases, the differences in the results for the outlet temperature and pressure were <1%. Therefore, the grid with 169914 nodes was picked for final calculations in order to minimize the calculation time. The convergence criteria for absolute residuals was set to a maximum of 10 À6 .
Results
Experimental Results
The content of alumina in the fins produced using the feedstock powders containing 22 and 40% volume per- centage of alumina was measured to be 19 and 29%, respectively. This follow trends observed in cold spray studies where an increase in deposition efficiency with increasing alumina content is observed and continues until approximately 50% alumina volume percentage, at which point the deposition efficiency starts to decrease (Ref 41) . This is attributed to the fact that alumina particles cannot be deposited onto alumina particles which are already incorporated into the coating and they simply bounce off due to lack of deformation of alumina (Ref 41). Figure 7(a) illustrates cross section image of pure aluminum sample where Fig. 7(b) and (c) illustrates cross sectional images of aluminum-alumina samples obtained when using the 22 and 40% volume percentage alumina content feedstock powders, taken by optical microscope. The darker spots in the Fig. 7(b) and (c) correspond to alumina particles. From Fig. 7(b) and (c) it can be observed that the alumina particles have been uniformly distributed within the fins. The overall heat transfer coefficient UA as a function of Reynolds number for each sample is shown in Fig. 8 . These results show that by increasing the Reynolds number the corresponding overall heat transfer coefficient UA for each sample increases linearly for both laminar and turbulent regimes. Increasing the Reynolds number from a laminar to a turbulent regime causes the interruption in thermal boundary layer and turbulent level enhancement occurs (Ref 47) . These results are in agreement with Ž ukauskas (Ref 48) theory for a bank of tubes, where at low Reynolds numbers (R Dh < 1000) the flow is identified as predominantly laminar with large scale vortices in the zone behind the tubes. By increasing Reynolds number (1000 < R Dh < 10,000 the flow remains largely laminar but the level of turbulence behind the fins increases. In this regime, the flow can be considered as in transition between predominantly laminar and turbulent. This trend continues until small vortices appear in the circulation zone and the flow transitions to turbulent (R Dh > 200,000). In the current study, the shift in the flow regime from predominantly laminar to the appearance of local turbulence seems to A decrease of UA was observed for both fin arrays containing alumina particles when compared with the pure aluminum fin array. It is also noticed that both alumina containing fin arrays have very similar UA values with a limited variance compared to each other. The drop in the UA values of alumina containing samples never exceeds more than 23% for the studied samples. This drop in UA values between the pure aluminum sample and the alumina-containing samples is attributed to the presence of low thermal conductivity alumina particles affecting the thermal conduction path in the pin fins. Although the presence of alumina particles caused a drop in the UA values when compared to the pure aluminum sample, the performance of alumina-containing pyramidal fins was shown to significantly exceed the performance of the traditional fins. These differences in performance of the samples with pyramidal fins compared to rectangular fins are believed to be the result of turbulence produced behind the pyramidal fins. Also, increasing the Reynolds number promotes the generation of turbulence and its intensity, which results in enhancing the heat transfer rate at higher ranges of applied Reynolds number. Due to the continuous geometry of the rectangular fins, the creation of such turbulence is not possible. This potentially explains why the pyramidal fins outperform the rectangular fins. Figure 9 illustrates the overall performance of the produced samples and also rectangular fins sample. The overall efficiency increased in all samples when the pumping power was increased. The trends showed in Fig. 9 again indicate that alumina particles in the fin arrays affect the overall efficiency of the samples when compared with pure aluminum and a slight difference between the two alumina containing fin arrays can be observed. Reductions in performance of the alumina-containing samples are more noticeable beyond the laminar regime. These reductions can be as much as a 22% drop in thermal performance. Although this drop is considerable, the aluminum-alumina fins are still outperforming traditional fins to a large extent. In addition, the pressure loss along the pyramidal fins is nearly unaffected by the alumina contents. This can be confirmed with the trend shown in Fig. 9 . This was expected since the internal composition of the fins cannot affect the flow structure in the channels.
Simulation Results
A fin array of pure aluminum and a fin array for each associated sample containing alumina were modeled. For each case, the previously obtained experimental values Table 2 were used in the model as the boundary conditions. The modeling results are illustrated in Fig. 10 , where typical temperature contours for three modeled fin arrays at mass flow rate of 8:0 Â 10 À4 kg/s with varied alumina percentage are compared. These results defined the thermal behavior of each sample with respect to alumina volume fraction values. The same trend was observed for other flow rates. From Fig. 10 one can observe that in the pure aluminum sample, fins attain relatively higher temperatures earlier in the samples containing alumina. This result shows that the presence of alumina particles slightly affects the thermal performance of the fins. In addition, the flowÕs temperature increases as it passes through the fins as shown in Fig. 11 .
It is expected that the values of the outlet air temperature from the model be in close agreement with the experimental data because the values of heat flux, mass flow rate, and flow channel inlet temperature are imposed, with the insulated substrate side walls condition. Table 3 presents both the values obtained from the simulation and those obtained from the experiments for the 29% alumina sample. In the worst case, the error between the experimental and simulation results for the outlet air temperature was 0.8%. All samples with pyramidal fins showed similar results as listed in Table 3 where the difference between experimental and simulation values for the outlet air temperature were always below 1%. The results in Table 3 for the outlet air temperature are an averaged value of temperature profile at the outlet of the flow channel. Figure 12 illustrates the temperature contour of the 29% alumina sample at three different mass flow rates. From Fig. 12 it can be seen that minimum and maximum temperature differences will decrease by increasing the mass flow rate. The predicted pressure losses from the model are compared to the experiments in Table 3 . Error values for the pressure drop are attributed to various factors, such as the difference in geometry and dimensions of the real pyramids and the modeled pyramids, as described in the ''Sample Preparation and Analysis'' section. The largest error between the experimental and simulation results regarding pressure loss never exceeded 14%.
Heat fluxes passing through surfaces of the fifth and the tenth fins from the inlet were calculated from the model and the results are shown in Fig. 13 . Figure 13(a) shows the numbering order used for Fig. 13(b) and (c). These results confirm the higher heat transfer rate of the lateral sides of the pyramids which is due to their contact with higher velocity flow. From Fig. 13(b) and (c) one can conclude that the thermal performance of the fifth and the tenth fin are very close. This shows that the consistency in the fins' thermal performance of the fins array starts near the beginning of the fin array. It is worth noting that using simulations creates the possibility of analyzing the local heat transfer through the domain, which is a valuable tool for further analysis.
Summary and Conclusion
Manufacturing pyramidal fins using the cold spray technology offers a great potential for commercial use due to its simplicity and robustness. Pyramidal fin arrays with different volume fractions of aluminum-alumina were produced using cold spray as an additive manufacturing process. The samples were analyzed using optical microscopy to compare the proportion of alumina particles, and the fin geometry was characterized. The fin arrays performance was evaluated using heat transfer and pressure drop tests, as well as numerical simulation. It was shown that the alumina-containing samples have a lower UA (maximum drop of 23% for the applied range of Reynolds) compared to the pure aluminum sample. Although the presence of alumina particles caused a reduction in thermal performance compared to pure aluminum fin arrays, the alumina-aluminum arrays were found to thermally outperform the traditional pure aluminum straight cut fins. Moreover, the use of aluminum-alumina feedstock powder as an alternative to pure aluminum prevents the use of costly polymer nozzles that usually wear out rapidly. Additionally, it was observed that the pressure loss along the fins is independent of the fins contents, since the pressure loss is majorly dependent on the geometrical shape of the fins.
The developed CFD model was found to be a powerful tool in predicting the pressure loss of the sprayed fins. According to the results there is a possibility of examining different fin shapes and different operating conditions for the same fin compositions with no investment other than computational time. Also, with the aid of CFD modeling, it was shown that the consistency in the fins thermal performance occurred near the beginning of the fin array.
